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An integrating imagedetectorforhighenergyneutrons.

Chris Morritr, V. Arm@, L,(I. Atencio, A, Dridgo, A. Ciawmt, U. I hart,K, Morloy.
T, Motmshcnd,G.J, Yates, itnd John Zumbro

L@ Aknxs National Laboratory
LosAlamon, TWl 87S44, USA.

ABSTRACT
We deocribaon brte@ng caritode.podrend-outwho dmrrrberfor Inta ittg high ~ ttettawts. ‘I’his

$tedmologyRIIOWSconstrudonof a detectorwith n widadynomk range(10 ), whichIsgatablo,COOIIYread0U4
andprovidoomWtnetorIcolcmoohttion.Rooultskm a IWUtotypo4SM48 plxoiway amprooontod,

1 JNTRODUCTK)N
in tim paperwe deocribeth motivationbehindthehigh euerw neutronrodio~aphywork in LosAiunw, and

dcocrlbeand prooontoomo rwrito from ao Intogratlng, irnayingdotoctorfor hi#t ettorgy (30.600 MoV)
neutrotto.

Radiography provldm n metiwd ~>f norwiemtuctlvoevslution of ob]octs with imemd muctum.
Quantlmtivaiy,ionglirs,/,, thrw@I anobjeclcanbe~xtxsotcdbymeatu@ du attonuuionof npormtratingbeam
ofneutraipmliclmsucha$rmutronrnm X-rayW

(1]

Wiwre hl~r,y) Is Ihoincidentflux, /Wx,y)istheWamrttiuodtlw ~ am m~anb pnths,andL@) uo a WI ot’
len@I of matwiaisin theobjeotbeingmdios~hod. Idotdiy,If contrthutinnniiom daoctorsandotherwcw
ot’ wror nro itprml, tho proobionof rho mouurommncut b waiuald hr lwnw of the Poiuon mtislics
wutohlcd with titotrortsmlttodt?ux,l~orsMUIS componentnuwrbdFAIn.,1 IIMIUCWto:

()N(x,y)
/fs,.v)* A in -

N,(X*Y) ‘

A/(x, )’) - +W’),

rW!!Q#t-- J.- ,A/(x, y) ‘“
Nts, y) /v(r,)’)A

(2)

Wharo wo havo ttppliod tbo usussiur ~pprottimnthr,mpprt)prinlofhr IUS* numbom,10 not tho WTOrin the
mtmtittcd fhM, ml w. hmo I@rtmdrhoilumwtium In Iiw mrhiwtt flux An optimumA W IdkM@@ art
Ajotit of a givenIhicknou conbe calcuimodby uldtt~ tite derlvntivouf d/(s,y) with roopocttn A miduttint it
?qllnlto Wo iltis @vos:

(!1)

i



Table 1. Mean he pathsfor photons,& andrtcutrons,ah,

Material
-.

b Ah
(gnt/cm2) @cmJ) _

.

Li 20
..

5s

F!

Atr ‘Ier f- of highenergynmnrottradiographywhichisusefidforourpattloularapplicathmla thesmaller
4 low Z materialsthanfbr highZ materlais,This impliesneutronsareespocidlyusdtl,.ti radiogrqhlttg low Z
materialwrouttdod by a highZ material . .,~’

H@hintensityaourwsof high energyneutronsareanliable usingprotoninthd spallation.(hod kqtth to
dhumler rmlm (14)) am nwiiabie &omspallationmrgots,However, imagmgdotaot~$ -rgy naytr
Iwo nothoardovekrpd. Y

. ,i,,&j#jp$&&&*, ;, .;

2 DETECTOR

SeveralImes drlv~ the dosiunof lho detector. The intoractlonsof h&h aner@’nmnrottsaropredomltutoly
duo to elaatioor quttsl+laatk collision with nucid. Many of thocoimoraotiottcprodttoomtergstioohatRo
putlcloswhkh ottnba dotsctodus~ a varietyd’ Idtniquos. Howowr, the ~ lo mostmode ma much
longerthan the two mm posltlonmsolutlon,neotkd in nur upplicatlon. W- avoid the positionrosolutlon
broadonittgduo to tito rang. of tho chargedparticlesby ualnga thin convormrfbllowod by B MO pocitkm
#.ngltivodrtteotor,For sucha transmissiondetectortbopositionrosolutiunnpproximstolygivottby 4=vw(6M
wheroOk Ihomeanat@a at whkh tbachar$edpartkks we entitwd,andI is thetbiclmossof thoconverterPIUS
dotoctor,W. havo moactrmdtwr(Q-A in mpraviuus expcrimontwiwro tracb obatnberswore usedu tbc
positionsonsltlvortoutrondetector.’‘llto dotockwdllcienoy, which la IIlso proputtlormlto I, and the poeltlon
resolutionareooupled. ‘llta bestconvwterison. with thenhortmtintorxoti~mIongth.Wa haw dtoeottttmgston.
Wohaveusedon IntegtmthtgoatbodeqtsdreadW#tambor fbr thodotoclur.In thiodotocmrIhopdtive ohaqp
createdby avalonohusaeu an anodeptane,iscdiectod on a satof 48x48 onttduotirtgpadBpiaoedWI 2.5 mm
aottterson a printedokoultboardwhktt fotnu thoupstreamcathotkof thowiro chmbor, PhoIopphs of tbo
dotoctorareshownIn F@re 1,

llto o-e depositedoneachof tttopadsin thudeloctorwaantormtm a 220 pt’cmpacimr,untii it waxtuudout
houEII a mtdtlpkxer, an amplifigr,andhttoa CAh4AC AJ)C, Le~ uurmutxIimilad MC rwkut dmc tu bo
iou thctt nbout 10 weottdr In ordw to avoidIoodngtoornuuhof the sI$MI. ‘Ilw multipldnti wntrwrqcd so
thnteachof tlm 40 columnsof thodetectorwasmultiplawt intoo wttmon ADC, In Iotnl 4R AM! dmrmh

WW9 ud, wc fbf cevb~W,

7em of Ihopcrformunuoof thk toehnlqu,wwe rttackUSIU a sittgk okmetttdetaoturwith o prototypeof tho
oieatrmtksi Sornorenuil~uhlahml with nn% %=rayntmmo fw the kttqptod obarpoasn thnctbrtO(counting
ratsUO shownIn Flgtme2, ‘fltc wifllh or k Wnlributlouof the indtteedclqle Is cotnparodwtth Iho roettit
expactad&omtha Pokttndistrlbutlwtcxpccledfrum uuunting Wttktlcs. 9vcr the meuurodu. themeppeam
to be no Blmltlaamdepsrturetkontthe remtltFXpactcll(tom u p@rf’t rkwctur, l.c., tbo lfatoctorh quantum
statisticsItmlted. .~.. .* .,.- . . . >, .. . .

TIMre k M additionalterm tnthoeiipctad width whmtMcctlnu pnrticka for Whiuh WC art fittvtuntkms m
the dqtordt.d chofgo stteh as rwutrons, “1ha con ho arrpro$ted by rolatinuIho dhwivu dtlt I*IIVY @QAl,
Iltomurad Ity the fhlcttlhtionhe], to tlw Cctunldncioftcy d’ the dotectot(EFF) tbt rcgimletillg al! Ilwllblll

partiuloPurpxfiiciotwhkh indtta a moonchor~aq, witha I)uctuerlonof o



We haverttcseuredcdq=/, 67 for tk chargodistributionin a wire chamberinducedby hi@ energyInteractions
in a previouecxporitncn~’With a 1.SmmtungstenconverterweexpectedEFF-1.394,and f)QE-O.4%

3 RESULTS
We hnveumd tho tlctectorin tho 30” R beam line at tho WNR facility at Los AlemoaNeutron Scattering

Contor@ANSCE) to hna$ea taatobject, The dotaileof theteatobjectam shownIn Figure3, Data wow taken at
a sot9 m@e botwoonOand I ltOdegrooe,Theobjwt woe Iocatodabout20 m tkomthespallationsource ~ivin$ o
flux of about7x 10’/cm~/eoa,A two hour runwaeMMont to obtain0, 1% atadedcalpaceeeimtIn a 2,5x2,5
ma pixel at !hia fltw Tha transmittedflux waeabout 1/Sof tha htcldontflux at thocontorof the objoct.Tldm
giwe a detectorquantumefllciency (DQE) of about3x10’ In raaeonableagraantontwith ourexpectations,

‘fits actusl errore in our meemtremantof the tranamittodflux had contribution ikonttatnporatuminduced
fluctuationsIn theelocttrrrdcgain,and beam httonsity-dapattdantfhtcttmtionein the chamber gain duo to build
up of chug. on the uoaa of the CCtltodocircuit board, ‘fho ~idwl Q* after our beet dform 10 COITVXI fiw
hew systematiceffw!telimitedthoprecisionof ourmoaeummarttato about0.4Yo. Nwer the ha we hrrveboon
abloto xchiev. a aonaltlvitysuftlclentto cloartyobaarvathe affactof the 12.7 mm and the 61 mm &rrMor
holes in th. pnlydtylmo hacrt In thotactobjectIn slngh vlowm This h shownIn Flguro4 In ndclltlona clear
dgnald’ the3,2 nundhunoterholoweeobtainedIn thotomopphic reconetruclionof thodata,suingA tlllemd
back projaotlona~orlthm aa con be aeon In Flgum 5. h to IWred back projoctlontho ohjact IMA been
reoonetructedwins ● maximumarttropytomographicslgorithm. This producedfuwaranlfkctathentho filtamd
backpro]cctlon.Thoraeulmam dleplayodla Flqure6.

4 CONCLUSIONS
Wo havedeacrlbodthaconmructlonof en IntegrmlngiraagiWdetectorfor highmt.rgyneutrons,Wo woraable

to obtaina t2QE of about,4 %. W. derrranrntratedn senahlvltyto structureIn a teatobjectat the 0,6% kvd In
tranemlttad flu% look@ throu#t up to 160 gnJcmJof uraniumusinga whltowxtrcoof spallatlonneutrons.We
will contlmtoour work In the next mnnlns @od with a largerdetectorbutld on 1,8 mm centers,The rww
ciroultboardewIII havamomcoppercovwngoto avoidtheproblemwklt chargebuildup,andwIII rmrnteihe IWI
objectmom tkequentlyw) Ihhtw. avwaga ovor gdn tnetdxhka, In additionw. am buildins B new spnllntion
mrgct,with h’s nxlnnllgnd on thebgamhe, h orderto IncmacctheL/D rmlo,
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Ngurc 1: Photo$rapkof thedetector.
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F@uo 2: The width of tha induced chargo distribution (in AlX.: drarwh) M*M tktlon of numhcr of dctecrcd
counts (Iop nxi~). TIMI mcosw’omontsworo modQusing an “Fe 6 hrV %.ray source. ‘llto SOW pmnts am tho
mndwd devhdkm [o (ADC)] of an AM distribution, whichil pluttwl m H function of thu pc~k Ax chanrml
[X (AM)]. ‘l%e s&I Ilrm showntho ctandarddcv{ationaxpuwd frwrrrtxwtlna stallxtlcsOhcquontumlimit).
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Figure3: A picture of thetestobject. The outer@rider was‘*[J wjth w Outerdtiw Of iS.24Cm,and=
innerdinmcterof 7,24 cm. The Centercylinder wns fabrketed tirn polyethybne, Threeholeewith d- &
12.7, 6.3 and 3,2 mat ~ drilled throu@ the cylh~r, ‘W IMUVI dl~i~ WM ~ma~ to tie ~k of ~

cylinder,

.— 1.1,,.,,, ,

Ittllllllnwwrluit

F@ura 4: tlistqpnms of the rat;. of lhe imJIgcsmmk with n Pulyothylencineert whit holes tlJ onewithoutIml, !,
The Z ecale,dieplayttdOttheri@L is 1000time Ihe r~tit) ‘ilw-hvd;.untal wd vefiicsl ttxlt are pixel numberm
2.54 mm steps,

.



1.27 cm

Figure 5: Results of a filtered brickprelectionreconmtction mda using 9 images (every W) ahmtlkered.
b)ilitwed to removesomeofthc futit”Mt.S.
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